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[57] ~ ABSTRACT

Multistate mud pulsing is achieved by generating both
positive and negative pulses within a drill string by

means of a plurality of selectively operable bypass pas-
sages around a restriction to primary mud flow within a
drill string or by venting to outside of the drill string. A
fraction of the hydraulic mud is drawn from a location
upstream from the restriction into a valve manitold. The
removed fraction of hydraulic mud 1s selectively com-
municated from the valve manifold either to a point
inside a drill string downstream from the restriction or
to a point exterior to the drill string in annulus between
the outside of the drill string in the borehole. Mud rein-
jected downstream from the restriction creates a posi-
tive pressure pulse within the drill string. Mud which i1s
diverted to the annulus outside of the drill string creates
a negative mud pulse within the drill string. Selective
activation of valving for distributing the mud down-
stream from the restriction or to the exterior drill string
annulus allows the apparatus to used as a simple positive
pressure pulse telemetry system, a simple negative pres-
sure telemetry system or a multistate mud pulse teleme-
try system. A system capable of three or four state
telemetry is comprised of a single bypass passage for
diverting a portion of hydraulic mud from the main
flow in the drill string, and a single bypass passage for
recombining it with the main flow downstream from
the restriction within the drill string. Depending upon
nonsimultaneous or simultaneous operation of the pas-
sages, a three or four state telemetry system 1s provided.

14 Claims, 10 Drawing Figures
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1
UNIVERSAL MUD PULSE TELEMETRY SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention
The invention relates to a method and apparatus for

transmitting signals from the bottom of a well bore to
the surface by means of mud pressure pulses generated
within the hydraulic flow in the drill string.

2. Description of the Prior Art

The desirability of telemetry systems for transmitting
downhole information while drilling through the mud
column in the drill string has long been recognized.
Equipment and procedures for control and monitoring
of mud flow parameters are widespread and readily
understood in the industry. Therefore, the use of propa-
gating mud pulses through the drill string for the pur-
pose of communicating information from the down hole
location while drilling to the well’s surface is also
widely used and understood.

Prior art mud pulsing devices are generally classified
in one of two categories. Either, the device generates
positive pressure pulses or increases of pressure within
the drill string over a defined basal level, or generates
negative pressure pulses or decreases of the pressure for
the drill string. Le Peuvedic, et al.,, “Hydraulic Con-
trolled Device For Modulating the Mud”, U.S. Pat. No.
3,737,843, is an example of a positive pulsing mud valve.
A needle valve is mechanically coupled to a piston
motor in Le Peuvedic. The needle valve acts against a
fixed seat. The piston motor in turn receives the contin-
uous flow of control fluid. Information is transmitted to
the surface in the form of rapid pressure variations rang-
ing from 5 to 30 bars and succeeding one another at
intervals of 1-30 seconds. Each pressure pulse 1s gener-
ated by reversing an electric current passing through a
solenoid coil which is coupled to the needle valve.

Arps, “Earth Well Borehole and Logging System”,
U.S. Pat. No. 2,925,251, is also directed to a positive
pulse telemetry system. A current pulse 1s applied to a
magnet of a control valve. Activation of the valve by
the magnet causes an increase In pressure in a cavity
outside the valve body. The valve body fluxes and
propagates a pressurized signal into the mud stream.
Thus, Arps shows a positive pressure pulse system
which is operated by several vaives.

Spindler, “Pilot Operated Mud Pulse Valve”, U.S.
Pat. No. 3,9588,217, 1s also directed to a positive mud
pulse telemetry system. In the absence of the generation
of mud pulses, the mud flows through an upstream
collar through a valve into an annular passage. Mud
flows through interior passageways parallel to the main
mud stream past a pilot valve seat and through a num-
ber of passages to rejoin the main mud flow. Therefore,
by actuation of the bypass of valving, positive mud
pulses can be generated in the main flow.

Gearhurt, et al., “Downhole Signaling System”, U.S.
Pat. No. 3,964,556, is yet another example of a positive
mud pulse telemetric system.

Westlake, et al., “Method of and Apparatus for Tel-
emetry Information From a Point in a Well Borehole to
the Earth’s Surface,” U.S. Pat. No. 4,780,620, shows a
negative mud pulse system. A motor driven valve 1s
open inresponse to binary signals generated by an pack-
age downhole. Upon opening a portion of the mud flow
is allowed to escape from the drill string to the annulus
between the drill string and borehole.
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However, each of the prior art systems are binary
mud pulse systems capable of generating a mud pulse
either above or below a basal pressure rate which is
characterized as a normal pressure. However, down-
hole telemetering systems have to be able to transmit a
huge volume of downhole information regarding the
nature of the drilled formations, directional informa-
tion, and conditions of the borehole.

Therefore, what is needed is a system and method for
selectively providing a pulsing telemetry best suited for
the application on hand and further capable of provid-
ing telemetric information with a signal protocol more
efficient than prior art binary systems, which will pro-
vide significantly increased data rates.

BRIEF SUMMARY OF THE INVENTION

The invention is a method of multistate generation of
mud pulsed telemetered signals comprising the steps of
primarily flowing hydraulic mud through a restriction
in a drill string, and a plurality of steps of selectively
and secondarily bypassing a fraction of the hydraulic
mud from the primary flow to a point downstream from
the restriction. The fraction of the primary flow is el-
ther selectively bypassed to the point downstream from
the restriction within the drill string, or the fraction of
the primary flow is selectively bypassed to the point
downstream from the restriction outside of the drill
string.

By reason of this combination of steps a plurality of
pressure states 1s defined within the drill string accord-
ing to the combinations of the step of selectively bypass-
ing the restriction.

In particular in the step of selectively bypassing the
restriction by the fraction of primary flow, the fraction
of primary flow is bypassed only to the point within the
drill string, so that posttive mud pulse signals are telom-
ctered.

In another embodiment in the step of selectively by-
passing the fraction of primary flow, the fraction of
primary flow is bypassed periodically to the point out-

side drill string, so that negative mud pulse signals are
telemetered.

In a third embodiment in the step of selectively by-
passing, the fraction of flow is selectively bypassed
either to the point within the drill string or periodically
to the point outside the drill string, but never simulta-
neously to both the points, so that a three state mud
pulse signal is telemetered.

In a fourth embodiment in the step of selectively
bypassing the restriction, the fractional flow 1is selec-
tively and periodically bypassed to the point within the
drill string, selectively and periodically bypassed to the
point outside the drill string, or selectively simulta-
neously bypassed to both the points, so that a four state
mud pulse signal 1s telemetered.

In yet another embodiment the step of selectively
bypassing further comprises the steps of selectively
bypassing the fraction flow to at least one of a plurality
of points outside the drill string.

In yet another embodiment the steps of selectively
bypassing the restriction comprises the step of selec-
tively bypassing the fractional flow to only one point
among the plurality of points outside the drill string and
among the plurality of points inside the drill string.

The invention 1s also defined as an apparatus for gen-
erating multistate mud pulse telemetry signals compris-
ing a mechanism for restricting primary flow through
the drill string, and a mechanism for selectively reduc-
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ing restriction of the primary flow. The mechanism for
reducing restriction of primary flow comprises a mech-
anism for selectively maintaining the primary flow
within the drill string and a mechanism for selectively
diverting a fraction of the primary flow from the drill
string. As a result, multistate hydraulic pulses are gener-
ated in the primary flow within the drill string.

In one embodiment the mechanism for reducing ei-
ther selectively maintains the flow within the drill string
or selectively diverts a fraction of the flow from the
drill string, but does not simultaneously maintain the
flow and divert the fraction of the flow.

In another embodiment the mechanism for reducing
selectively maintains the flow within the drill string and
selectively diverts a fraction of the flow from the drill
string so as to selectively simultaneously maintain the
flow and divert the fraction of the flow.

In still a further embodiment the mechanism for re-
ducing comprises a plurality of mechanisms for selec-
tively maintaining at least a fraction of the primary flow
within the drill string. Similarly the mechanism for
reducing comprising a plurality of mechanisms for se-
lectively diverting a corresponding plurality of frac-
tional portions of the flow from the drill string.

The invention is additionally characterized as a
method of generating multistate mud pulses within a
drill string comprising the steps of restricting primary
flow of hydraulic mud through the drill string; selec-
tively withdrawing a fractional portion of hydraulic
mud flowing through the drill string prior to the step of
restricting the removed portion of the hydraulic mud;
and selectively recombining the removed fraction of the
hydraulic mud removed from the drill string with the
remaining portion of the hydraulic mud within the drill
string after flow of the remaining portion of the hydrau-
lic mud has been subject to the step of restricting.

In this method the step of selectively combining the
removed portion of the hydraulic mud with the remain-
ing portion of the hydraulic mud occurs in a proximate
region within the drill string adjacent to that region
within the drill string where the step of restricting the
remaining portion of the hydraulic mud occurs.

The method may further comprise the step of selec-
tively diverting at least the portion of the fraction of
mud selectively removed from the flow within the drill
string. The portion 1s selectively diverted outside of
drill string leaving a diminished flow of hydraulic mud
through the drill string.

Depending on the embodiment, the steps of selec-
tively combining and selectively diverting are either
nonsimultaneously or simultaneously performed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagrammatic cross-sectional depiction of
a drill string incorporating the invention.

FIG. 2 is a diagrammatic cross-sectional depiction of
a second embodiment of a drill string incorporating the
invention.

FIG. 3 is a cross-sectional depiction of the drill string
shown in FI1G. 2 in a configuration wherein a negative
pulse is being generated.

FIG. 4 is a cross-sectional depiction of the drill string
shown in FIG. 2 1n a configuration wherein a positive
pulse is being generated.

FIG. 5 is a graph of the pressure of the hydraulic mud
in the drill string and as measured against time and as
seen at the well surface when operated in a mode ac-
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4

cording to the method of the invention to produce posi-
tive pulses.

F1G. 6 is a graph of the pressure of the hydraulic mud
in the drill string and as measured against time and as
seen at the well surface when operated in a mode ac-

cording to the method of the invention to produce posi-
tive pulses from the lowest level of pressure.
FIG. 7 is a graph of the pressure of the hydraulic mud

in the drill string and as measured against time and as
seen at the well surface when operated in a mode ac-
cording to the method of the invention to produce nega-
tive pulses. |

FIG. 8 is a graph of the pressure of the hydraulic mud
in the drill string and as measured against time and as
seen at the well surface when operated 1n a mode ac-
cording to the method of the invention to produce nega-
tive pulses from a maximum pressure level.

FIG. 91s a graph of the pressure of the hydraulic mud
in the drill string and as measured against time and as
seen at the well surface when operated 1in a mode ac-
cording to the method of the invention to produce dou-
bled pulses.

FI1G. 10 is a cut-away perspective, diagrammatic
view of a third embodiment of a drill string incorporat-
ing the invention.

The invention and 1ts various embodiments maybe
better understood by now turning to the following de-
tailed description.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Multistate mud pulsing is achieved by generating
both positive and negative pulses within a drill string by
means of a plurality of selectively operable bypass pas-
sages around a restriction to primary mud flow within a
drill string. A fraction of the hydraulic mud is drawn
from a location upstream from the restriction into a
valve manifold. The removed fraction of hydraulic mud
is selectively communicated from the valve manifold
either to a point within a drill string downstream from
the restriction or to a point exterior to the drill string 1n
annulus between the outside of the drill string in the
borehole. Mud reinjected downstream from the restric-
tion creates a positive pressure pulse within the drill
string. Mud which is diverted to the annulus outside of
the drill string creates a negative mud pulse within the
drill string. Selective activation of valving for distribut-
ing the mud downstream from the restriction or to the
exterior drill string annulus allows the apparatus to used
as a simple positive pressure pulse telemetry system, a
simple negative pressure telemetry system or a multi-
state mud pulse telemetry system. A system capable of
three or four state telemetry is comprised of a single
bypass passage for diverting a portion of hydraulic mud
from the main flow in the drill string, and a single by-

. pass passage for recombining it with the main flow

downstream from the restriction within the drill string.
Depending upon restriction within the drill string. De-
pending upon nonsimultaneous or simultaneous opera-
tion of the passages, a three or four state ielemetry
system is provided.

The invention is directed to an apparatus and a meth-
odology which selectively produces both positive and
negative mud pulses within a drill string, and secondly
is directed to a multistate system capable of more than
two states of pressure by which to represent telemetric
information. In the illustrated embodiments three to
four distinguishable pressure states are depicted, al-
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though in theory the number of states can be arbitrarily
increased.
The invention comprises a restriction in the primary

hydraulic flow within the drill string and a plurality of

bypass valves, each having an intake upstream from the
restriction and an output either downstream from the
restriction within the drill string or an output exterior to
the drill string. The plurality of valves can be selec-
tively operated by hydraulic, mechanical or electrome-
chanical means to create positive or negative pressure
pulses at a corresponding plurality of distinguishable
pressure states within the drill string. For example,
positive or negative pressure pulses can be created by
summing all valves bypassing fluid to the annulus or by
summing all valves bypassing fluid around the restric-
tion. Intermediate multistates can be generated by alge-
braically summing combinations of such wvalves.
Thereby, the rates of information telemetry are substan-
tially increased over those achieved by prior art binary
systems. Where desired, the present invention may be
practiced in the same manner as either a positive or
negative binary system. | |

FIG. 1 shows a positive valve 26 and a negative valve
24 in closed position. FIG. 2 diagrammatically shows
another embodiment of a multistate valve which 1s de-
noted as a rotatable valve.

The invention and its various embodiments may be
better understood by turning specifically to the dia-
grammatic depiction of the portion of the drill string,
generally denoted by reference numeral 10, as shown in
FIGS. 1 and 2. FIGS. 1 and 2 show the diagrammatic
cross-sectional view of drill string 10 wherein a restric-
tion 12 is symbolically depicted in drill string 10. Re-
striction 12 is in the path of the primary flow of hydrau-
lic mud to the drill string, symbolically represented by
arrow 14. Restriction 12 is characterized by a reduced
flow area within drill string 10 as defined, for example,
by an axial concentric aperture 16 defined through re-
striction 12.

Restriction 12 is of such characteristic with respect to
the overall hydraulic performance of drill string 10 that,
- without more, restriction 12 determines the basal flow
rate in the pressure within the drill string.

Drill string 10 includes a valving mechanism, gener-
ally denoted by reference numeral 18, which 1s diagram-
matically depicted in FIGS. 1-4 and 10.

FIG. 1is a diagrammatic depiction of a poppet valve
mechanism. FIGS. 2-4 show the use of a rotatable valve
mechanism. FIG. 10 illustrates a multiport structure. In
particular, FIG. 3 shows the valve in a configuration
which produces a negative pulse. Rotor 70 is turned by
motor 72 in FIG. 3 to divert a fraction of the mud flow
from the cavity upstream from restriction 12 to annulus
36 through a first U-shaped passage 78 defined in rotor
70. Motor 72 is controlled and powered downhole by
conventional means. Spring loaded shear seals 74 and
O-rings 76 are provided in combination with rotor 70 to
prevent leakage. Rotor 70 is turned by motor 72 in FIG.
4 to bypass a fraction of the mud flow in the cavity
upstream from restriction 12 to a. point downstream
from restriction 12 through a second straight passage 80
defined in rotor 70. A third passage could be similarly

defined in rotor 70 to simultaneously divert a fraction of

the mud flow to both annulus 36 and downstream cav-
ity 44.
Return to the embodiment of FIG. 1 and consider the

operation of the pulsing system. For the purposes of

clarity and simplicity, the valving mechanism has been

5

10

15

20

23

30

35

40

45

50

35

60

65

6

shown in FIG. 1 as disposed within a housing 20.
Within housing 20 is plurality of valves. In the 1llus-
trated embodiment, housing 20 diagrammatically in-
cludes a negative pressure valve 24 and a positive pres-
sure valve 26. In the illustrated embodiment, both
valves 24 and 26 are depicted as spring loaded, poppet
valves which are electromechanically actuated through
a solenoid. Housing 20 further includes a. mamfold
block 28 through which a corresponding plurality of
bypass passages are defined. For example, negative
pressure valve 24 is used to selectively open and close
the input aperture 30 of a negative bypass passage 32
whose output aperture 34 communicates with the annu-
lar space 36 between the outside of drill casing 22 and
the borehole. Similarly, positive valve 26 is employed to
selectively seal the input aperture 38 of a positive by-
pass passage 40 whose output aperture 42 communi-
cates with the interior 44 of drill string 10 downstream
from restriction 12. The upper portion of housing 20 1s
provided with a distribution manifold 46 which commu-
nicates through an aperture 48 with the interior 50 of
drill string 10 upstream from restriction 12.

Therefore, with both valves 24 and 26 in a closed
position as depicted in FIG. 1, there is no hydraulic
flow through passages 32 or 40 and the pressure level
set up within drill string 10 is the P1 pressure level
determined by restriction 12 as well as by the drill bit.

However, when positive pressure valve 26 1s opened,
hydraulic fluid is free to flow from interior 50 of drill
string 10 upstream from restriction 12 through aperture
48 into manifold 46. From manifold 46 hydraulic fluid
then flows through aperture 38 of passage 40 and then
out output aperture 42 into interior 44 of drill string
downstream from restriction 12. The result of valve 26
opening is that the pressure above restriction 12 will be
PO (as shown in FIG. 5). Thus, the closing and opening
of valve 26 causes positive pressure pulses within drill
string 10 with an amplitude of P1-P0 as illustrated in
FIG. 5.

If positive pressure valve 26 remains open and nega-
tive pressure valve 24 selectively opens, hydraulic fluid
is once again free to flow from interior 50 of drill string
upstream from restriction 12 through aperture 48 into
manifold 46. Hydraulic fluid then continues into aper-
tures 30 and 38 of passage 32 and 40 and then out output
apertures 34 and 42. A percentage of the hydraulic fluid
is then drawn from drill string 10 into annular space 36
between the drill string and the borehole. This results in
the creation of a negative pressure pulse within drill
string 10, namely a pressure pulse with an amphtude
P0-P2 below that established as the basal or normal
level, PO as seen in FIG. 7.

If positive valve 26 remains closed and instead nega-
tive valve 24 selectively opens, the hydraulic fluid 1s
once again free to flow from interior 50 of the drill
string upstream from restriction 12 through aperture 40
into manifold 46. Hydraulic fluid then continues into
aperture 30 of passage 32 and then out output aperture
34. This results in the creation of a negative pressure
pulse with the amplitude of P1-P3 as seen in FI1G. 8.

If negative valve 24 remains open and positive valve
26 selectivel opens, the result will be positive pressure
pulses with an amplitude of P3-P2 as seen in FIG. 6.

If positive valve 26 and negative valve 24 work simul-
taneously, i.e. both valves open and close together, the
result is doubled pressure pulses with a maximum ampli-

tude of P1-P2 as seen 1n FIG. 9.
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In either case, the amount of hydraulic fluid flowing
through valves 24 and 26 is small compare to the
amount of fluid flowing in the primary flow 14 through
restriction 12. Therefore, valving mechanism 18 is re-
quired to provide valving for a small amount of tlow.

Furthermore, the power necessary to drive valves 24
and 26 with respect to such secondary flows 1s corre-

spondingly decreased as compared to the levels that
would be required to power valving in the main flow 14
of the hydraulic mud as is typical of prior art.

Therefore, it can be readily understood that by selec-
tively operating either one or the other of valves 24 and
26 as seen in FIG. 1, while the remaining valve remains
open or in the nonenergized closed position, or by the
simultaneous operation of both valves, the apparatus of
FIG. 1is used either solely as a positive pressure teleme-
try system or as a negative pressure telemetry system,
or as a trinary code system or as a quadruple state sys-
tem capable of having four pressure states: PO, P1, P2,
and P3. |

FIG. 2 is a second embodiment wherein the poppet
valve assembly of FIG. 1 has been replaced by a rotat-
ing valve. By turning multistate valve 60 as shown in
FIG. 2, cavity 50 above restriction 12 is communicated
with the cavity below restriction 12, annulus 36 or st-
multaneously with restriction 12 and annulus 36. [t is
thus possible to get the four different types of pressure
pulses as seen in FIGS. 5-9. |

It is entirely within the scope of the invention that a
plurality of valves each type could be included within
valve mechanism 18. Therefore, any one or a number of
a series of negative or positive pressure valves only
could be opened to selectively create a selected one of
a stepped series of negative and positive pressure levels
respectively. In each case, the orifice size or net flow
rate is determined in part by a corresponding bypass
passage for each one of a plurality of valves and there-
fore can be varied to create the stepped variation in
degrees of positive and negative pressures.

Turn to FIG. 10. For example, a plurality of both
positive and negative bypass passages 100-102 with
corresponding valves 104 could be circumferentially
incorporated within the walls of casing 22. Passage 100
communicates the interior of casing 22 to the annulus
and is therefore part of a negative pulsing means. Pas-
sage 102 communicates with the interior of casing 22
and bypasses restriction 12, and is therefore part of a
positive pulsing means. Valves 104 could be selectively
operated by a corresponding solenoid 106. Each of
these bypass passages could have a varying diameter or
have a identical diameters with restricter disposed
within them of varying with degrees of restriction. Any
one of these valves can then be selectively operated to
create a corresponding selected negative or positive
pressure. A large plurality of pressure levels could then
be created with still only one of the entire plurality of
valves being opened at any one time. The only limita-
tion upon the fineness of gradation of pressure levels
which can thus be creaied by the apparatus and the
methodology of the invention is the degree of distinc-
tion that can be made in mud pulse pressures at the well
surface by conventional sensing equipment.

Many modifications and alterations may be made by

those having ordinary skill in the art without departing
from the spirit and scope of the invention. The illus-
trated embodiment has been set forth in highly diagram-
matic form only to illustrate the broad principle of the
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invention and should not be taken as limiting the inven-
tion which 1s defined in the following claims.

I claim:

1. A method of multistate generation of mud pulsed
telemetered signals comprising the steps of:

primarily flowing hydraulic mud through a fixed
restriction in a drill string; and

selectively and secondarily bypassing a fraction of
hydraulic mud from said primary flow to a plural-
ity of points downstream from said fixed restric-
tion,

wherein a portion of said fraction of said primary

flow 1s selectively bypassed to at least one of said
plurality of points downstream to rejoin said pri-
mary flow inside said drill string, and

wherein the remaining portion of said fraction of said

primary flow is selectively bypassed to at least one
of said plurality of points downstream to be re-
moved from said primary flow to said at least one
point outside of said drill string,

whereby a plurality of pressure states is defined

within said drill string according to combinations
of said step of selectively bypassing said restriction.

2. The method of claim 1 where 1n said step of selec-
tively bypassing said fixed restriction by said fraction of
primary flow, said fraction of primary flow is bypassed
only to said point inside said drill string, whereby posi-
tive mud pulse signals of a first amplitude are teleme-
tered.

3. A method of multistate generation of mud pulsed
telemetered signals comprising the steps of:

primarily flowing hydraulic mud through a restric-

tion 1n a drill string; and
selectively and secondarily bypassing a fraction of
hydraulic mud from said primary flow to a point
downstream from said restriction wherein said
fraction of said primary flow i1s selectively by-
passed to said point downstream but inside said
drill string and wherein said fraction of said pri-
mary flow is selectively bypassed to said point
downstream but outside of said drill string,
where in said step of selectively bypassing said re-
striction by said fraction of primary flow, said frac-
tion of primary flow is selectively bypassed to said
point inside said drill string and continuously by-
pass to said point outside of said drill string,

whereby positive mud pulse signals of a second am-
plitude are telemetered, and whereby a plurality of
pressure states is defined within said drill string
according to combinations of said step of selec-
tively bypassing said restriction.

4. The method of claim 1 where in said step of selec-
tively bypassing said fraction of primary flow, said
fraction of primary flow 1s bypassed only to said point
outside drill string, whereby negative mud pulse signals
of a first amplitude are telemetered.

5. A method of multistate generation of mud pulsed
telemetered signals comprising the steps of:

primarily flowing hydraulic mud through a restric-

tion in a drill string; and

selectively and secondarily bypassing a fraction of

hydraulic mud from said primary flow to a point
downstream from said restriction wherein said
fraction of said primary flow is selectively by-
passed to said point downstream but inside said
drill string and wherein said fraction of said pri-
mary flow is selectively bypassed to said point
downstream but outside of said drill string,
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where in said step of selectively bypassing said frac-
tion of primary flow, said fraction of primary flow
is selectively bypassed to said point outside drill
string, -

whereby negative mud pulse signals of a second am-

plitude are telemetered, and whereby a plurality of
pressure states is defined within said drill string
according to combinations of said step of selec-
tively bypassing said restriction.

6. The method claim 1 where in said step of selec-
tively bypassing, said fraction of flow is selectively
bypassed either to said point inside said drill string or
said point outside said drill string, but never simulta-
neously to both said points, whereby a three state mud
pulse signal is telemetered.

7. A method of multistate generation of mud pulsed
telemetered signals comprising the steps of:

primarily flowing hydraulic mud through a restric-

tion in a drill string; and |
selectively and secondarily bypassing a fraction of
hydraulic mud from said primary flow to a point
downstream from said restriction wherein said
fraction of said primary flow is selectively by-
passed to said point downstream but inside said
drill string and wherein said fraction of said pri-
mary flow is selectively bypassed to said point
downstream but outside of said drill string,

where in said step of selectively bypassing said re-

striction, said fractional flow is selectively by-
passed to said point inside said drill string, selec-
tively bypassed to said point outside said drill
string, or selectively simultaneously bypassed to
both said points,

whereby a four state mud pulse signal i1s telemetered,

and whereby a plurality of pressure states i1s defined
within said drill string according to combinations
of said step of selectively bypassing said restriction.

8. A method of multistate generation of mud pulsed
telemetered signals comprising the steps of:

primarily flowing hydraulic mud through a restric-

tion in a drill string; and

selectively and secondarily bypassing a fraction of

hydraulic mud from said primary flow to a point
downstream from said restriction wherein said
fraction of said primary flow i1s selectively by-
passed to said point downstream but inside said
drill string and wherein said fraction of said pri-
mary flow is selectively bypassed to said point
downstream but outside of said drill string,

where in said step of selectively bypassing said re-

striction, said fractional flow is simultaneously
selectively bypassed to said point inside said drill
string, and bypassed to said point outside said drill
string,

whereby a mud pulse signal of a doubled amplitude 1s

telemetered, and whereby a plurality of pressure

states is defined within said drill string according to
combinations of said step of selectively bypassing
said restriction.

9. A method of multistate generation of mud pulsed

telemetered signals comprising the steps of:

primarily flowing hydraulic mud through a restric-
tion in a drill string; and

selectively and secondarily bypassing a fraction of
hydraulic mud from said primary flow to a point
downstream from said restriction wherein said
fraction of said primary flow 1s selectively by-
passed to said point downstream but inside said
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10

drill string and wherein said fraction of said pri-
mary flow is selectively bypassed to said point
downstream but outside of said drill string,

where said step of selectively bypassing further com-

prises the steps of selectively bypassing said frac-
tional flow to at least one of a plurality of points
outside said drill string,

where said step of selectively bypassing said restric-

tion further comprises the steps of selectively by-
passing said fractional flow to a plurality of points
inside said drill string downstream from said re-
striction,

where said step of selectively bypassing said restric-

tion comprises the step of simultaneously selec-
tively bypassing said fractional flow to selected
ones of said plurality of points outside said drill
string and said plurality of points inside said drill
string,

whereby a plurality of pressure states is defined

within said drill string according to combinations
of said step of selectively bypassing said restriction.

10. A method of generating multistate mud pulses
within a drill string comprising the steps of:
applying a fixed restriction to a primary flow of hy-

draulic mud through said drill string;
selectively removing a fractional portion of said pri-

mary flow of said hydraulic mud flowing through
said drill string prior to said step of restricting said
primary flow of said hydraulic mud;
selectively recombining said removed fraction of said
primary flow of said hydraulic mud removed from
said drill string with the remaining portion of said
primary flow of said hydraulic mud within said
drill string after said primary flow of said remain-
ing portion of said hydraulic mud has been subject
to said fixed restriction.
11. The method of claim 10 where said step of selec-
tively combining said removed portion of said primary
flow of said hydraulic mud with said remaining portion
of said primary flow of said hydraulic mud occurs in a
region within said drill string adjacent to that region
within said drill string where said step of applying said
fixed restriction to said remaining portion of said pri-
mary flow of said hydraulic mud occurs.

12. The method claim 10 further comprising the step
of selectively diverting at least that portion of said frac-
tion of primary flow selectively removed from said drill
string, said portion being selectively diverted outside of
drill string leaving a selectively diminished flow of
hydraulic mud through said drill string.

13. The method of claim 12 wherein said steps of
selectively combining and selectively diverting are non-
simultaneously performed.

14. A method of generating multistate mud pulses
within a drill string comprising the steps of:

restricting primary flow of hydraulic mud through

said drill string;

selectively withdrawing a fractional portion of hy-

draulic mud flowing through said drill string prior
to said step of restricting said removed portion of
sald hydraulic mud;

selectively recombining said removed fraction of said

hydraulic mud removed from said drill string with
the remaining portion of said hydraulic mud within
said drill string after flow of said remaining portion
of said hydraulic mud has been subject to said step
of restricting,
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further comprising the step of selectively diverting at drill string ]eavi*ng a.dimir}ished flow of hydraulic
mud through said drill string,

wherein said steps of selectively combining and selec-
tively diverting are simultaneously performed.
said portion being selectively diverted outside of 5 ¥ ox ¥ %0k

least the portion of said fraction of mud selectively
removed from said flow within said drill string,
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 4,703,461
DATED : October 27, 1987
INVENTOR(S) : Oleg Kotlvar

It 1s certified that error appears in the above—~identified patent and that said Letters Patent
are hereby corrected as shown below:

In Claim 5 at Column 9, line 4, after the word
"string" and before the following comma, 1insert

—-—-and continuously bypassed to said point inside said

drill string--.

In Claim 3 at Column 8, lines 45=46 delete

"bypass" and insert --bypassed--.

Signed and Sealed this
Eleventh Day of October, 1988

Attest:

DONALD J. QUIGG

Attesting Officer Commissioner of Puatents and Trademarks
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